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There are many mooted problems connected with the thymus gland 
in spite of the numerous studies dealing with the embryology, com- 
parative anatomy, histology, and pathology of this organ.  KSlliker 
(1) in 1879 drew attention to the fact that the thymus has an epithelial 
anlage from the branchial clefts, and since that time many attempts 
have been made to explain how from this epithelial germ had arisen 
the finished structure of the organ, with its important elements--the 
retieulum,  Hassall's  corpusdes,  and  free  lymphoid-like ceils.  The 
lack of knowledge and the disagreement as to the origin and biological 
significance of the small thymic cell have been one of the main stumb- 
ling blocks towards a  proper understanding of the functions of this 
organ.  These cells have been the subject of contention among those 
who have worked in the field.  Two schools have developed, each of 
which has during the last 25 years vigorously upheld its views.  The 
Maximow-Hammar (2,  3)" group supported by Rudberg  (4),Jonson 
(5),  Pinner (6),  Pappenheim (7),  and Danchakoff (8)  believe in the 
lymphocytic nature  of  these  cells,  while  the  Maurer-StShr  (9,  10) 
school claims  that  these  cells  are  epithelial in  origin,  though they 
appear like mesodermal lymphocytic cells.  In addition they believe 
that  these cells  are  capable  of reverting to  their original epithelial 
state. 
Since up to the present time no definite solution of the problem has 
been established, we believed that the method of autoplastic thymus 
transplantation with a detailed study of the histological changes which 
occur in the transplants from a few hours after their insertion to their 
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complete regeneration would throw some light on the origin of these 
cells. 
From a review of the literature it is quite apparent that some authors 
utilizing  autoplasfic  transplantation  have  successfully  transplanted 
this  gland  subcutaneously,  intramuscularly,  subperitoneally,  intra- 
peritoneally,  and  into  the  spleen.  However,  none  of  the  previous 
workers have studied in detail the cytological changes which occur in 
the regenerating transplants.  In  addition, many misconceptions and 
failures  have  developed because  some  authors  have  not  taken  cog- 
nizance of the biological differences between auto-, homo-, and hetero- 
transplantation. 
A  Summary o/the Literature. 
Dudgeon  and  Russell  (11) performed thymus homotransplantations on  the 
peritoneum, introducing large pieces of the gland,  but these were  quickly ab- 
sorbed.  They used one rabbit, one kitten, four puppies.  Hart and Nordmann 
(12) also did homotransplantations on dogs, and placed the thymus in the sub- 
cutaneous tissues of the abdominal wall.  Their transplants were also absorbed. 
Gebele  (13) carried out homo- and heterotransplantations of the thymus.  His 
homotransplantations on  dogs  led  him  to  the  conclusion  that  the  thymus  is 
synergistic with the thyroid, but the transplants were not examined histologically. 
In his heterotransplantation work Gebele introduced into the abdominal walls of 
three dogs large pieces of thymus from three cases of Graves' disease.  Examina- 
tion of these transplants 5 to 6 weeks later showed complete resorption of the 
thymus tissue.  Bircher (14), on the other hand, claims to have produced Base- 
dow's disease in five dogs following implantation of large pieces of thymus, from 
cases of status thymicolymphaticus, cretinism,  and neurasthenia. 
Tongu's (15) autoplastic transplantations were carried out on 20 dogs and 50 
rabbits, but many of his animals died soon after operation.  The transplants were 
inserted usually on the peritoneum at the root of the mesentery.  In only three 
dogs and eight rabbits did his transplants take.  Renton (16), on the other hand, 
studied both auto- and homotransplants of the thymuses in very young rabbits 
and guinea  pigs.  He reported that all his autoplastic transplants  took easily 
and that two homotransplants out of six were actively growing  after 53 days. 
Grimani  (t7)  also  did autoplastic transplantations on rabbits.  His work was 
concerned chiefly with the influence of thymic transplantation on the survival of 
the animal and on changes in the blood and bone.  There were no histological 
studies  of the  transplants.  Scalone  (18) reports failures  even with autotrans- 
plantations,  which  were absorbed within  20 days.  Marine  and  Manley  (19) 
autotransplanted the thymus of eight rabbits and studied the relation of trans- 
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the end of 4 months, one being present and active at 735 days.  But in their work 
no special attention was directed toward histological studies. 
Yamanoi's (20) recent paper reports probably the most detailed studies to date 
on autoplastic  thymus transplantation.  He transplanted  the  thymus into  the 
spleen, and of sixteen animals which lived more than 14 days, eight had growing 
transplants.  The transplants  of the animals which died during the first 2 days 
were described and the degenerative changes noted.  He also studied transplants 
14, 21, 28, 32, 116, 117, and 163 days after their insertion.  It is evident that while 
Yamanoi's experiments show survival of the transplants for long periods of time, 
he could not trace in detail the regenerative processes since, as we will point out, 
they take place in the main between the 4th and 9th days after transplantation. 
Methods. 
In this work young tame albino rats were used, varying in age from 38 days to 
45  days.  These  rats  were reared  in  the  laboratory.  All operations  were per- 
formed under  ether  anesthesia.  The  operative  field  was  shaved  and  this  was 
followed by wiping  the  field  with  sponges dipped  in  bichloride  solution.  For 
operative removal of the thymus, the sternum was split down its middle to about 
the third rib, the bone was retracted, and the triangularis sterni muscle separated. 
The gland was exposed and separated with as little trauma as possible from the 
pleurae and mediastinal fat, and it was ~mmediately placed in sterile physiological 
salt  solution which was kept at  temperatures  between  37  ° and 39°C.  The ab- 
dominal wall was then prepared  for the  transplantation,  and  fragments of the 
gland measuring about 3 ram. in diameter were inserted into prepared pockets in 
the abdominal muscle.  Great care was exercised to avoid hemorrhage into these 
pockets.  The site of the transplant  was indicated by closing the mouth of the 
pocket  with  a  silk  ligature.  Four  transplants  were  usually  inserted  into  each 
animal. 
In removing the transplants, the animal was anesthetized with ether, after which 
it was killed and a  complete autopsy was done.  Three transplants were fixed in 
Helly's,  Bouin's,  and  strong  Flemming's solutions,  while  the  fourth  was  fixed 
either in 10 per cent formalin or 95 per cent alcohol. 
The  tissues  were  embedded  in paraffin  and  cut  serially.  The  sections  were 
stained  with  hematoxylin-eosin,  Heidenhain's  iron-hematoxylin,  Flemming's 
triple,  and Van  Gieson's stains.  The frozen sections were stained  with  Sudan 
III.  For general purposes we found fixation with Bouin's and staining with iron- 
hematoxylin highly satisfactory,  but  the  clearest  histological pictures  were ob 
tained after Flemming's fixation. 
Presentation of Data. 
This study is based on an examination  of 212  transplants  removed 
from 53 young rats  and fixed and stained by the methods enumerated 4O6  AUTOPLASTIC  THYMUS  TRANSPLANTATIONS 
above.  The  transplants  were  examined  at  approximately  12  hour 
intervals  until  the  106th  hour,  and  from then on at 24 hour intervals 
until the 16th day.  Descriptions  of the successive stages of degenera- 
tion,  regeneration,  and growth of the  transplants  follow. 
12½ Hours.--(Fig.  1.)  There is irregular clumping of the  small thymic cells 
with pycnosis and  caryorrhexis of many of their  nuclei.  The nuclear  debris is 
collected  in  small masses throughout  the  transplant.  The small round  thymic 
cells at the periphery of the transplant are still fairly well preserved.  The reticular 
cells  do  not  show  a  corresponding  disintegration,  these  cells  retaining,  for the 
most part, their normal histological appearance.  The vessels at the periphery of 
the transplant are dilated and engorged and contain a large number of leucocytes. 
An  occasional  polymorphonuclear  leucocyte  finds  its  way  into  the  transplant. 
There is as yet no evidence of hemorrhage into the transplant or new blood vessel 
formation. 
27 Hours.--There is massive agglutination of the small thymic cells except at 
the periphery of the transplant.  The zone of preserved cells at the periphery is 
irregular, but these cells seem  to  be surviving and are probably being nourished 
by the lymph.  Caryorrhexis of the nuclei is more pronounced than in the pre- 
ceding stage.  The reticular epithelimn is prominent, and many of the cells show 
frank  evidence  of beginning  destruction.  Numerous  capillaries have  appeared 
particularly in the centers of the transplants.  The peripheral vessels about the 
transplant are still dilated and engorged.  Numerous enlarged lymphatic vessels 
are seen filled with thymic round cells which have emigrated from the transplant. 
Large numbers of round cells also are seen between the muscle fibers and these 
cells are undoubtedly  wandering out from the transplant.  The arterioles show 
definite adventitlal thickening.  There is edema and fatty infiltration of the sur- 
rounding muscle fibers.  Numerous polymorphonuclear leucocytes have infiltrated 
the  transplant  and  surround  the larger masses of agglutinated  nuclear  material. 
The  leucocytes are  actively phagocytic  and  many are  seen filled  with  nuclear 
debris in the vessels about the transplant. 
36 Itours.--(Fig. 2.)  There is further progression in the destruction of both the 
small round thymic and reticular cells, the most pronounced disintegration being 
evident  in  the center of the transplant.  The  infiltration  of polymorphonuclear 
leucocytes into  and  about  the  transplant  has increased,  and  the  leucocytes are 
actively phagocytic.  At  the periphery of the  transplant  some apparently  sur- 
viving small thymic cells are still seen. 
48 to 51 Hours.--There is at this time almost complete disappearance of the 
small thymic cells except for some cells at the periphery.  The transplant  areas 
are filled with polymorphonuclear leucocytes.  The reticular  cells are beginning 
to proliferate and are increasing very rapidly by mitotic division particularly at 
the  periphery  of  the  transplant.  These  proliferated  reticular  cells are spindle- 
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cells  are arranged in whorls.  Newly formed blood vessels extend into and sur- 
round the transplant.  The engorged lymphatic vessels described in the earlier 
hours are not seen, and only very few small round cells are now seen between the 
muscle fibers. 
60 Hours.--Sections show progression from above stage with almost complete 
absence of the small thymic cells, and marked reticular proliferation.  Epithelial 
elements in strand-like formation or whorls are replacing the original transplant 
mass.  While these cells were spindle-shaped in the previous stage they are now 
becoming polyhedral.  Small round cells appear in  the more branched reticular 
network.  These small round cells have no apparent relation to blood and lym- 
phatic vessels,  and the blood vessels do not contain an excess of nucleated cells. 
These facts argue against the infiltration of small round cells  into the reticulum 
from the blood and lymphatic channels.  There is  a  very active mitosis of the 
reticular epithelial cells and the mitotic figures are most frequent where the small 
lymphold-like cells appear first in the stroma. 
75 Hours.--(Fig. 3.)  The transplant is made up almost completely of reticular 
cells in whorl formation.  There is active mitosis in these ceils. 
106 Hours.--(Fig. 4.)  At this stage the reticular cells show further enlargement 
with active mitosis, the transplant being formed almost exclusively by these cells. 
Small round cells appear between the reticular cells as in the 75 hour transplants, 
but none of these cells are present in excess  in the blood vessels or lymphatics. 
There is as yet no mitotic division of the small thymic cells.  Langerhans giant- 
like  cells  are seen  about  the transplant  due  to disintegration  of  muscle  fibers. 
There  is  marked  thickening of the adventitlal and muscular coats of the  blood 
vessels about the transplants.  A few leucocytes are still seen in the transplant and 
the surrounding muscle. 
5 Days.--(Fig. 5.)  A  great number of small thymic cells appear in a  hyper- 
plastic and very vascular reticulum.  Some of the transplants still show in areas 
solid pearl-like formations.  In some of the sections a few multinuclear Hassall's 
corpuscles are seen. 
6 Days.--The  first  evidence of thymic lobules appears, and these lobules  are 
small, being made up mostly of round thymic cells.  There is yet no differentia- 
tion into cortex and medulla. 
7 Days.--(Fig. 6.)  There is further regeneration  and the small  thymic cells 
are  closely packed  and  mask  the  reticulum.  There  are  some  well  developed 
Hassall's corpuscles in the transplant.  At this stage the first evidence of differen- 
tiation of the regenerated lobules into the cortex and medulla becomes apparent. 
8 and 9 Days.--There is still further differentiation of the regenerated lobules 
with active mitosis of the reticular cells. 
10 Days.--The transplants show completely regenerated thymic lobules.  The 
reticular cells  are almost completely masked due to overcrowding by the small 
thymic cells,  and  these show mitotic division figures.  In several of the trans- 
plants  some well  formed Hassall's corpuscles are seen. 408  AUTOPLASTIC THYMUS TRANSPLANTATIONS 
11 and 12 Days.--(Fig.  7.)  The sections show regenerated transplant  areas 
with  distinct  lobules and  medullary centers.  As in the above stage the  small 
thymic cells are very abundant  and obscure the underlying reticulum.  There is 
active mitosis throughout the transplant. 
13 and 14 Days.--In addition to the regenerative changes described above, one 
transplant  shows several duct-like spaces lined by low cuboidal epithelium con- 
taining some debris.  These structures are undoubtedly regenerated ducts which 
one occasionally sees in the normal rat thymus. 
15  and  16 Days.--(Fig.  8.)  Well developed, large transplant  areas showing 
closely aggregated small thymic cells.  There is division of the lobules into cortical 
and medullary zones. 
DISCUSSION. 
Our work shows that  autoplastic transplants  of the thymus gland 
undergo a series of changes characterized by degenerative phenomena 
which  begin  within  a  few hours  and  reach  their  height  in  about  2 
days.  These destructive changes affect the small thymus cells first, 
and then the reticular cells.  At the end of the first 24 hours the trans- 
plant becomes vascularized  and phagocytosis of the debris by poly- 
morphonuclear  leucocytes begins.  Regenerative changes begin after 
48 hours and these are characterized  by proliferation of the reticular 
cells,  which  as  regeneration  progresses,  leads  to  almost  complete 
replacement of the transplant area by these cells so that the transplant 
takes  on  an  epithelial  appearance.  During  the  3rd  day  the  small 
thymic cells first appear between the proliferated reticular epithelium 
cells,  apparently  as  a  result  of  enlargement  and  division  of  these 
latter  cells.  At  about the  6th day thymic lobules are formed,  and 
during the  7th day there is beginning differentiation  of these lobules 
into cortex and medulla.  At the end of 2 Weeks all active transplants 
show thymic lobules made up of cortex and medulla, which differ from 
the  normal  thymic  lobules of  young animals  only in  that  they are 
smaller and irregular. 
The same series of changes have been observed independently by 
Rudberg and Jonson in  their  studies on the regenerative  changes in 
the  thymus  gland  following  acute  and  chronic  inanition  and  x-ray 
injury.  In spite of the fact that we have observed on the whole the 
same regenerative changes as these authors, our views as to the origin 
of the small thymic cell are at variance with theirs.  Both Jonson and 
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are lymphocytes and that these ceils make their appearance in  the 
gland during regenerative phenomena, by the process of infiltration. 
A  study of their work shows,  however,  that these authors have no 
convincing or  direct  evidence for  their  conclusions. 
Jonson in 1909 studied the effect of acute hunger and chronic inanition on the 
involution of the thymus in young rabbits whose ages varied from 6 weeks to 5 
months.  He found, as have others, that chronic hunger rapidly involutes the 
thymus.  He states that the disappearance of the cortical cells during hunger is 
dependent upon the emigration of these cells from the organ through the lymph 
and venous channels of the medulla.  As a result of this, the thymus loses its 
lymphocytic appearance, becoming epithelial in character.  When  the animal is 
given a full diet there is rapid regeneration of the gland.  In the earliest stages of 
regeneration there is no differentiation of the thymus into cortex and medulla, 
and the parenchyma has a cortical appearance.  Jonson  further states that the 
regeneration is dependent upon the immigration of lymphocytes  from lymph and 
blood channels into the epithelial network.  When  regeneration has advanced 
further, mitotic division of these lymphocytes occurs.  Only after the 16th day 
of normal nutrition is there any evidence of medullary formation.  The medulla 
is then formed by the hypertrophy of the reticular cells in situ, and during the 3rd 
week the medulla appears normal. 
Assuming  that  Jonson's  observations  of  the  emigration  of  the 
lymphocytes through the blood and lymphatic channels of the medulla 
are correct, still there is no reason why these cells should return to 
the thymus through these same channels.  Jonson has also not been 
able  to  demonstrate  an  excess  of  lymphocytes in  the  blood  and 
lymphatic channels during regeneration.  His conclusions are based 
only upon the evidence that the small thymic cells are seen in abun- 
dance in the vicinity of the blood vessels and perivascular lymphatics 
during regeneration. 
That the reticular cells are more resistant than the lymphocytes is 
shown by the fact that after prolonged inanition the gland appears 
epithelial in nature, and that at this time, the mitotic figures remain- 
ing in the gland occur almost exclusively in the reticular cells.  If, as 
Jonson describes, mitotic division figures appear in the lymphocytes 
only after many days of forced feeding following inanition, then to 
explain  the infiltration of the lymphocytes into  the  reticulum, one 
must bring in some other influence, as for instance, chemotaxis if we 
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from  the  reticular  cells  is  further  supported  by  the  fact  that  these 
cells  undergo  rapid  mitotic  division  during  regeneration.  Then  as 
regeneration progresses, instead  of the  reticular  cells becoming more 
prominent, the organ becomes more and more lymphocytic in nature. 
Our own observations confirm this point.  After 48  hours there is 
marked reticular proliferation and mitotic division of the reticular cells, 
but  from then  on round  cells appear between  the  reticular  cells and 
by the 6th day lobules composed almost entirely of round cells appear. 
Even at this stage it is unusual to find mitotic figures in the round cells. 
Rudberg comes to the same conclusions as Jonson, but he studied regeneration 
of the thymus following  x-ray injury.  He worked with  young rabbits  1 to 4 
months of age, and concluded that in the early stages of regeneration lymphocytes 
appear in  the  perivascular connective tissue and  that  this connective tissue is 
related to the lymph channels.  These lymphocytes crowd into the centers of the 
thymic lobu]es and spread toward the periphery.  Later, mitotic division figures 
appear in the lymphocytes.  After the increase of lymphocytes and reticular cells 
has progressed sufficiently  the division of the lobules into cortical and medullary 
zones  takes place.  Rudberg states that the small thymic cells could not arise 
from the  reticular  ceils  because  the  reticular  cells  are  degenerating  when  the 
lymphocytes first  appear.  It should,  however,  be pointed out  that  while  the 
reticular cells show degeneration when the lymphocytes first appear, the degenera- 
tion at any given time involves only groups of the reticular cells.  Then again, 
the same general criticisms apply to Rudberg's work as to Jonson's. 
The other studies dealing with the origin of the small thymic cells are essentially 
emb~ological and hematological.  On the basis of numerous studies on human 
thymuses and those of fishes, Hammar came to the conclusion  that the thymus 
round cell or thymic lymphocyte is a blood lymphocyte.  His results are based 
on the facts that histologically both cells have basophilic protoplasm, both are 
ameboid, and both react alike to x-ray.  Hammar also traced the early invasion of 
the thymus anlage by lymphocytes. 
In spite of these apparently intensive studies, St6hr has denied the correctness- 
of  Hummar's conclusions.  In  addition,  the  literature  contains  several  other 
papers dealing with the embryology of the thymus in which  the authors try to 
show that the thymus round cell is not a lymphocyte (21, 22, 23).  St6hr claims that 
his work on amphibians, humans, mice, cattle, sheep, pig, and the cat confirms the 
belief of the local epithelial origin of the small thymic cell.  He is convinced  that 
they are always epithelial and  remain epithelial,  although  they may look like 
lymphocytes. 
The recent investigations of Sabin (24) and those of Lewis and Lewis (25) on 
the white cells of the blood would seem to throw additional light on this problem. 
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and in incubated blood, and found that the leucocytes become transformed into 
macrophages, epithelioid cells, and giant  cells.  They also observed the trans- 
formation  and  growth  of  the  leucocytes into  macrophages, epithelloid cells, 
and giant cells in the blood of the chick embryo, young chicken, adult hen, mouse, 
guinea pig, dog, and human.  In all bloods examined the leucocyte developed 
first into a large phagocytic ceil, then into a primitive mesenchyma  cell, and still 
later into an epithelioid cell.  Also  some of the leucocytes became giant cells of 
the Langerhans type, while others appeared like the  clasmatocytes of the con- 
nective tissue. 
Clark and Clark (26) in 1920-23 on the basis of quite similar studies came to 
the conclusion that the polymorphonuclear cells resemble fibroblasts at sites of 
inflammation. 
The investigations of these workers show definitely that the macro- 
phages, epithelioid cells, arid giant cells do arise from the leucocytes 
of the blood without, in this case, any possibility of participation in 
the phenomenon by the endothelium or the connective tissue. 
These  studies  show  that  biologically  the  blood  cells  are  closely 
related to a number of cells which are morphologically quite different. 
They would further indicate that while the small thymic cell resembles 
a lymphocyte, morphological similarity necessarily does not argue in 
favor  of  a  biological  relationship.  Our  experiments  offer  further 
substantiation  of  this  view.  Careful  histological  studies  show  no 
invasion  of lymphocytes.  Furthermore,  the  time of appearance  of 
the small thymic cells coincides with the period of most active division 
of the reticular cells. 
The  studies  on  spleen  transplants  by  Marine  and  Manley  (27) 
which  showed  complete  regeneration,  with  all  the  characteristic 
anatomical  features  of  fully  developed  spleen,  took  place  from 
extremely  small  fragments.  This  work  would  indicate,  as  these 
authors  pointed  out,  that  although  anatomically  ,the  spleen  is  a 
highly complex structure, biologically all the major elements of this 
organ are simple, as indicated by its uniform and marked regenerative 
capacity. 
CONCLUSIONS. 
1.  The  thymus gland  of young rats  autotransplants  easily when 
inserted in the muscles of the abdominal wall. 
2.  Destructive changes take place during the first 48 hours, when 
regenerative changes set in. 412  AUTOPLASTIC THYMUS  TRANSPLANTATIONS 
3.  The regeneration is usually complete by the 14th day, when the 
new  formed  thymic  lobules  show  differentiation  into  cortical  and 
medullary zones. 
4.  The small thymic cells arise from the reticular epithelium in the 
regeneration of the transplant. 
It is a pleasure to acknowledge the invaluable advice and aid of Dr. 
David Marine throughout the course of this work. 
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1920, xxxii, 113. 414  AUTOPLASTIC THYMUS TRANSPLANTATIONS 
EXPLANATION OF PLATES. 
PIATE 7. 
FIG.  1.  12 hours.  Irregular clumping of small thymic cells with pycnosis and 
caryorrhexis of many of their nuclei. 
FIG. 2.  36  hours.  Shows  massive  agglutination  of nuclear  material  in  the 
center of a lobule due to destruction of both the small round thymic and  retic- 
ular cells. 
FIG. 3.  75 hours.  Reticular cell regeneration has progressed to a  considerable 
degree.  A  few  leucocytes  are  still  scattered  throughout  the figure.  There  is 
new blood vessel formation. 
FIG. 4.  106 hours.  Further enlargement and prominence of the reticular cells. 
Small round cells appear between the reticular cells. 
PLATE 8. 
Fro.  5.  5 days.  The small round cells  are becoming more abundant. 
FIG. 6.  7  days.  Further  regeneration;  the  small  thymic  ceils  are  closely 
packed and mask the reticulum. 
FIG. 7.  12  days.  A  regenerated thymic lobule with cortex and medulla. 
FIG.  8.  15 and  16 days.  A  well  developed  large  transplant  area  showing 
numerous lobules with cortical and medullary zones. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOI,-.  XLIII.  PLATE 7. 
(Gottesman  and Jaffe:  Autoplastic  thymus transplantations.) THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XLIII.  PLATE 8. 
(Gottcsman  and 3afro:  Autoplasfic  thymus transplantations.) 